INTRODUCTION
Typhoid and paratyphoid fevers are febrile, often systemic and serious diseases caused by Salmonella enterica of typhi and paratyphi serotyp. They are a major public health problem, especially in developing countries. In effect, Crump et al. estimated at approximately 21.650 million the number of cases of typhoid fever with approximately 200000 deaths in 2000 [1, 2] . Africa, where the faecal peril is the cause of the transmission through water or contaminated food, remains an area of high endemicity with an overall incidence rate estimated at 724.6 per 100 000 person-years [1, 3] .
Without an effective treatment, typhoid fever has a mortality rate of 10-30%. This number is reduced to 1-4% for those receiving appropriate treatment [1] . In Côte d'Ivoire, the mortality rate was estimated at 5% [4] .
An accurate, rapid diagnosis and an early treatment with appropriate antibiotics are essential for rapid recovery and the prevention of complications and deaths caused by this disease and also for the control of the transmission.
The diagnosis of typhoid fever on clinical grounds is difficult, because symptoms are many and similar to those of other common febrile disease, such as malaria and non-severe dengue fever [5] .
Although the isolation of Salmonella typhi from the bone marrow is the reference method to confirm a case of typhoid fever, blood culture is more often used as a much more convenient alternative [6] . However, because of the availability period of results (2-3 days) the diagnosis may be delayed or neglected and patients without typhoid fever may receive an unnecessary and inappropriate antibiotic treatment [7] .
A simpler method for the diagnosis of typhoid fever, based on the detection of antibodies, Widal test, widely used in countries with limited resources for more than a century [8] , has the advantage of quickly providing a result. This test remains the most economical means of diagnosis. However, false positive results are common because of the cross antigenic reactivity of Salmonella with other infectious agents, Enterobacteriaceae, and in cases with patients with a history of diseases such as malaria, dengue and typhoid fever [2, 9, 10] .
The Widal test can be performed in the tube and on slide [10] . The tube agglutination, allows reliable results, but its realization is longer and requires technical mastery. So, a particular interest was developed for the slide agglutination method by several manufacturers. Different works record that Widal tests present quite variable performances [7, 11, 12] , hence the interest to carry out assessments before they are used in a given context.
The aim of our study was to evaluate commercial rapid Widal test commonly used in health facilities of Abidjan.
MATERIAL AND METHODS
This cross-sectional study was carried out from February to August 2011 at the Centre for Diagnosis and Research on AIDS and other infectious diseases located at the University Hospital of Treichville, Abidjan.
Assessment Panel
This study was carried out on 170 sera, which constitutes the assessment panel. These samples were collected in health centres of Abidjan, which performed the Widal test through plate agglutination technique. These samples were taken from febrile patients suspected to have typhoid fever and whose thick-drop malaria diagnosis was negative.
The collected sera were sent the same day and stored at -20°C until the evaluation date at the Centre for Diagnosis and Research on AIDS and other infectious diseases located in the University Hospital of Treichville.
Evaluation
All sera were tested in parallel with the tube agglutination test SALMONELLA SEROLOGY of BIORAD ® (BioRad Laboratories. Inc.) used as reference test and the rapid agglutination tests on plate or slide to be evaluated were the For the tube technique,the mixture of 0.9 ml of antigenic suspension (O and H) and 0.1 ml of a dilution of serum (1/10 or 1/20) is centrifuged at 3000 rpm for 5 min. The positive reaction is characterized by agglutination. When the reaction was positive, we performed titration by carrying out increasing dilutions. The title was the opposite of the last positive dilution.
In the plate technique, we successively conducted the qualitative and semi-quantitative methods. For the qualitative method; on a plate, we mixed 50 μl of the test serum and 50 μl of the antigenic suspension. After shaking for about 2 minutes, the presence of agglutinate in the test area shows a positive result. In the semi-quantitative method, we added 50 µl of antigenic suspension to the increasing quantities of serum 5, 10, 20, 40 and 80 µl, homogenized and sought for an agglutination after 2 minutes. Agglutination corresponds to respective titers of 320, 160, 80, 40 and 20.
Titres above 80 for rapid plate tests and 200 for the BIORAD test were considered positive.
Analysis of Performances
The sensitivity and specificity of the diagnostic tests were calculated using standard formulas to determine the diagnostic accuracy of the 9 tests. The SALMONELLA SEROLOGY of BIORAD ® test result was taken as the reference standard.
RESULTS
The widal test with single tube, reference standard, allowed to define the status of the 170 sera. The panel included 119 negative samples and 51 positive samples. Anti-TH antibody was the most frequently detected antibody followed by anti-TO ( Table 1) . The overall technical performances of the 9 tests according to the qualitative and semi-quantitative agglutination are summarized in Table 2 . With the qualitative agglutination, only the BIOTEC ® test had a sensitivity up to 90%, while SPINREACT ® and CHRONOLAB ® have specificities more than 90%. The discordant rate between plate agglutination test and the reference test ranged from 20% for SPINREACT ® to nearly 49% for BIOREX ® . The semi-quantitative plate agglutination gave higher specificities compared to the qualitative method and lower discordant percentages. Performances of the tests to detect several antibodies (somatic or flagellar for Salmonella species) are presented in Table 3 . Sensitivities for the detection of flagellar (H) and somatic (O) antibodies of Salmonella typhi and S. paratyphi were bad with the two methods for all tests. Specificities increased with the semi-quantitative technique. However, they were more than 90% for FORTRESS ® and BIOTEC ® testing for the detection of anti-TO antibodies.
For operational caracteristics, all tests were simple, easy and quick to perform. 
DISCUSSION
Typhoid fever occurs more often in areas with precarious lifestyle.
The isolation of bacteria from the blood or bone marrow is the "gold standard" for diagnosis, but the cost of culture equipment and facilities limit its practice in primary and secondary health facilities where the diagnostic tool of choice remains the Widal and Felix Serodiagnostic testing. We considered the Widal test with single tube as a reference test even if some authors [13, 14] report that the Widal test has a low sensitivity and specificity compared to blood culture. The sensitivity of the latter is known to be less than 100%, even in the absence of exposure to antibiotics whose usage leads often to negative culture results [2, 7] .
Our study showed that evaluated tests have poor sensitivity both with the qualitative and the semi-quantitative method, except for BIOTEC ® test. The discordance rate (between evaluated and reference test) was variable from one test to another . This could be due to the diversity of antigenic preparations [15] , suggesting that in a same study, the results would not be comparable between sites as reported by Wafaa et al. [16] . Even if it shows a good sensitivity, the BIOTEC ® test presented a low capacity to detect specific somatic and flagellar antibodies of Salmonella species. In addition, we found that anti-H antibodies were more sensitive and more specific than anti-O antibodies regardless of the method and the test on the threshold of 1/80. By cons, Bakr et al. showed that agglutinins H were less sensitive and less specific than agglutinins O at the cut-off value of 1/80 [16] . However, for Parry et al. even if agglutinins H were less sensitive, they were more specific than agglutinins O and gave the best positive predictive value [17] . Thus, the titer of agglutinins H would be as useful or more useful than the titre of agglutinins O [18] . Our results show that the poor specificity observed with the qualitative agglutination was improved with the semiquantitative agglutination. High false-positive rates show the limits of the qualitative agglutination test while it is the most common technique in laboratories using these tests in Abidjan, Côte d'Ivoire. As a result, the qualitative slide agglutination test should not be used as a diagnostic tool.
The titration of antibodies recommended by manufacturers allows to reduce the rate of false positives and to determine the more specific serological diagnosis [17] . Several factors can affect the performance of the evaluated tests: (i) some healthy populations have agglutinins that can be detected at variable high rates [17, 18] . (ii) the high rate of reactions crossed with some pathogens encountered in endemic areas (example: malaria) increases the probability to have false positive results [10] . Thus, some authors recommend an increase of the title of positivity [17, 19, 20] to improve the specificity of the Widal tests.
We took a single sample by participant while the initial Widal agglutination test has been described by using pairs of sera obtained between a period of 10 days to 2 weeks and examined for a double or more change of the antibody title [21] . It is possible that the Widal test would have had better results in our study if we used paired sera, but we chose to apply the test in conditions that are normally found in clinical practice. In our experience, patients rarely come back for outpatient aftercare, once treated, so that getting paired sera in a routine clinical framework is unlikely. Recently, the use of pairs of sera was reexamined and was shown to improve the sensitivity and specificity of serological tests for typhoid fever [22] .
All evaluated tests are simple to carry out, that is why they are used in the majority of biology laboratories of health facilities of primary and secondary levels of the health pyramid in Côte d'Ivoire. However, the practice of Widal test could be influenced by the understanding of the instructions contained in the operating instructions written in English (operating procedures, reagents, interpretation of results).
Our results suggest that among the 9 tests, only the BIOTEC ® test may be recommended as first choice for the serological diagnosis of salmonellosis.
However, it is essential to carry out the semi-quantitative slide agglutination when the qualitative agglutination is positive, then determine the specificity of antibodies with another test as the reference test used in our study.
CONCLUSION
This study allowed us to show the interest to evaluate the tests for serological diagnosis of typhoid fever. Indeed, among the 9 tests commonly used in Côte d'Ivoire, only one gave good performances. Thus, the need for rapid and cheap diagnosis tools with best performances still topical .
